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1
CATALYTIC REFORMING PROCESS

This application claims the benefit of U.S. Provisional
Application Serial No. 60/167,368, filed Nov. 24, 1999,

This invention relates to an improved catalytic reforming,
process. In another aspect, this invention relates to a method
for reactivating a partially deactivated reformer catalyst.

BACKGROUND OF THE INVENTION

Catalytic reforming 1s a well established refining process
employed by the petroleum industry for upgrading low-
octane hydrocarbons to higher-octane hydrocarbons.
Typically, catalytic reforming 1nvolves the contacting of a
naphtha hydrocarbon feed with a reformer catalyst under
clevated temperatures and pressures.

Reformer catalysts typically comprise a metal hydrogen
fransfer component or components, a halogen component,
and a porous morganic oxide support. A reformer catalyst
which has been employed widely throughout the petroleum
industry comprises platinum as the metal hydrogen transfer
component, chlorine as the halogen component, and alumina
as the support. Also, additional metallic promoter
components, such as rhenium, iridium, ruthenium, fin,
palladium, germanium and the like, have been added to the
basic platinum-chlorine-alumina catalyst to create a bime-
tallic catalyst with improved activity, selectivity, or both.

In a conventional reforming process, a series of two to
five reformer reactors constitute the heart of the reforming
unit. Each reformer reactor 1s generally provided with a
fixed bed or beds of catalyst which receive upiflow or
downflow feed. Each reactor 1s provided with a heater
because the reactions which take place therein are predomi-
nantly endothermic. In a typical commercial reformer, a
naphtha feed with a diluent of hydrogen or hydrogen
recycled gas 1s passed through a preheat furnace, then
downward through a reformer reactor, and then 1n sequence
through subsequent interstage heaters and reactors con-
nected 1n series. The product of the last reactor 1s separated
into a liquid fraction and vaporous effluent. The vaporous
cffluent, a gas rich in hydrogen, may then be used as
hydrogen recycled gas 1n the reforming process.

During operation of a conventional catalytic reforming
unit, the activity of the reformer catalyst gradually declines
over time. There are believed to be several causes of
reformer catalyst deactivation, including, (1) formation of
coke within the pores, as well as on the surface, of the
catalyst, (2) agglomeration of the catalyst metal component
or components, and (3) loss of the halogen component.
Deactivation of a reformer catalyst can have the following
negative impacts on the reforming process: (1) lower prod-
uct octane number; (2) higher required reaction temperature;
(3) higher required reaction pressure; (4) decreased time
between required catalyst regeneration (cycle time); (5)
increased requirement for hydrogen; and (6) decreased
selectivity.

It has been previously recognized that the deactivation of
a reformer catalyst can be inhibited by contacting the
reformer catalyst with a chlorine-containing compound dur-
ing reforming. This “chloriding” of the reformer catalyst 1s
thought to inhibit catalyst deactivation by (1) counteracting
the formation of coke on the catalyst, (2) redispersing the
metal component or components of the catalyst 1n a more
uniform manner, and (3) replacing the halogen component
which has been stripped from the catalyst during reforming.

Chloriding of a reformer catalyst is generally achieved by
injecting a chlorine-containing additive into the hydrocar-
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2

bon feed charged to the reformer reactor. The chlorine-
contamning compound 1s then carried by the hydrocarbon
feed 1nto the reformer reactor where it 1s contacted with the
reformer catalyst 1n a reaction zone.

Past chloriding methods required that the amount of water
present 1n the reaction zone be controlled during the chlo-
riding of a reformer catalyst. The presence of water in the
reformer reaction zone during chloriding 1s thought to be
necessary in order to counteract the excessive hydrocracking
which occurs during chloriding. Thus, prior to the discovery
of the mnvention taught here, chloriding of a reformer cata-
lyst 1n a substantially water-free reaction zone was thought
to cause catalyst deactivation.

SUMMARY OF THE INVENTION

It 1s an object of the present mvention to provide an
improved reforming process employing a novel method
which reactivates a partially deactivated reformer catalyst.

Further, objects and advantages of the present invention
will become apparent from consideration of the specification
and appended claims.

Accordingly, one embodiment of the invention 1s a
reforming process comprising the steps of (a) charging a
substantially water-free hydrocarbon feed to a reformer
reactor containing a reformer catalyst and operating under
conditions sufficient to produce a reformer product having a
higher octane number than the substantially water-free
hydrocarbon feed, and (b), simultaneously with step (a),
contacting the reformer catalyst with an organic chloride
compound, without adding water to the substantially water-
free hydrocarbon feed, for a chloriding period that 1s effec-
tive to enhance the performance of the reformer catalyst.

Another embodiment of the imvention 1s a reforming
process that comprises charging a substantially water-free
hydrocarbon feed comprising a reformable hydrocarbon to a
reformer reactor operated under reforming conditions for a
time period such that the activity of the reformer catalyst
decreases to an unacceptable activity. When the activity of
the reformer catalyst has declined to an unacceptable
activity, perchloroethylene 1s introduced, without the simul-
taneous 1ntroduction of water, into the substantially water-
free hydrocarbon feed 1n an amount and for a time period
that are effective to restore at least a portion of the decrease
in the activity of the reformer catalyst.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:
FIG. 1 1s a chart plotting C5+ yield versus time.
FIG. 2 1s a chart plotting product RON versus time.

DETAILED DESCRIPTION OF THE
INVENTION

The present mnvention 1s based upon the discovery that 1n
a catalytic reforming process, wherein a substantially water-
free hydrocarbon feed 1s charged to a reformer reactor
operated under reforming conditions for a time period such
that the activity of the reformer catalyst decreases to an
unacceptable activity, that 1introduction of
perchloroethylene, in a specific amount and for a specific
time period, into the substantially water-free hydrocarbon
feed, without simultaneously introducing water, 1s effective
to restore at least a portion, preferably a substantial portion
of the decrease 1n the activity of the reformer catalyst.

The reformer reactor employed 1n practicing the present
invention may be any conventional reformer reactor known




US 6,558,532 Bl

3

in the art. The reformer reactor may be a stand-alone reactor
or may be part of a multiple-reactor reforming system. The
reformer reactor defines a reaction zone which contains a
reformer catalyst, usually provided in the form of a bed of
such reformer catalyst. The catalyst bed may be fixed or
moving, with fixed being the presently preferred configura-
f1on.

The reformer catalyst may be any catalyst capable of
reforming a reformable hydrocarbon. Preferably, the
reformer catalyst comprises at least one Group VIII metal
component and a porous support material. More preferably,
the reformer catalyst comprises at least one Group VIII
metal component, a halogen component, and a porous
support material. Even more preferably, the reformer cata-
lyst 1s a bimetallic catalyst on a support and further including
a halogen component, such as, a reformer catalyst compris-
ing platinum, a metal selected from the group consisting of
rhenium, 1ridium, tin, and germanium, a halogen
component, and a refractory inorganic oxide support mate-
rial. Most preferably, the reformer catalyst comprises, con-
sists of, or consists essentially of platinum, rhenium,
chlorine, and an alumina support.

The substantially water-free hydrocarbon feed charged to
the reformer reactor comprises reformable hydrocarbons.
The reformable hydrocarbons include hydrocarbons com-
prising naphthenes and parathins that boil within the gasoline
boiling range mncluding, for example, straight-run naphthas,
natural gasoline, synthetic naphthas, thermal gasoline, cata-
lytically cracked gasoline, partially reformed naphthas, and
raffinates from the extraction of aromatics. Preferably, the
reformable hydrocarbons are naphtha comprising paraifins,
naphthenes, and aromatics that boil within the gasoline
boiling range, for example, within the range of from about
80° F. to about 450° F. It is preferred for the naphtha to
comprise about 20 volume percent to about 80 volume
percent parailins, about 10 volume percent to about 70
volume percent naphthenes, and about 2 volume percent to

about 30 volume percent aromatics.

A diluent may be added to the substantially water-free
hydrocarbon feed prior to charging to the reformer reactor.
Any diluent recognized 1n the art may be utilized either
individually or 1n admixture with hydrogen. Hydrogen is the
presently preferred diluent because 1t serves the dual func-
tion of lowering the partial pressure of the hydrocarbon feed
and suppressing the formation of coke on the reformer
catalyst. The weight ratio of diluent-to-reformable hydro-
carbon 1s preferably maintained at from about 1:2 to about
20:1, more preferably from about 1:1 to about 10:1, and
most preferably from 3:1 to 6:1. It 1s preferred that the
diluent be substantially water-free, with a water concentra-
tion of less than about 50 ppmw (parts per million by weight
of the diluent), more preferably less than about 5 ppmw, and
most preferably less than 1 ppmw.

It 1s preferred for the substantially water-free hydrocarbon
feed to be hydrotreated before reforming 1n order to remove
impurities such as nitrogen and sulfur. The presence of
nitrogen and sulfur in the hydrocarbon feed can cause
accelerated deactivation of the reformer catalyst. Preferably,
the amount of nitrogen 1n the substantially water-free hydro-
carbon feed 1s maintained at a level less than about 2.0
ppmw (parts per million by weight of hydrocarbon feed),
more preferably less than about 1.0 ppmw, and most prei-
erably less than 0.5 ppmw. Preferably, the amount of sulfur
present 1n the hydrocarbon feed 1s maintained at a level less
than about 2.0 ppmw, more preferably less than about 1.0
ppmw, and most preferably less than 0.5 ppmw.

The reforming conditions employed 1n the practice of the
present invention may be any conditions necessary to effec-
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tively convert the substantially water-free hydrocarbon feed
into a product of higher octane number. Octane number, as
defined by ASTM D2699 for research octane number and
ASTM D2700 for motor octane number, 1s an indication of
a fuel’s resistance to pre-ignition during the compression
stroke of a piston.

The temperature required for reforming varies according
to numerous reaction parameters, including, for example,
feed composition, catalyst composition, pressure, amount of
diluent, and the amount of coke on the reformer catalyst.
Generally, the temperature required for reforming 1s 1n the
range of from about 800° F. to about 11000° F. Ordinarily,
the temperature 1s slowly increased during the reforming
process to compensate for deactivation of the catalyst and to
provide a product of a desired octane number.

The reforming reaction pressures are 1n the range of from
about O psig to about 600 psig, preferably from about 15 psig
to about 400 psig, and most preferably from 50 psig to 350
pslg.

The liquid-volume hourly velocity (LHSV) of the sub-
stantially water-free hydrocarbon feed to the reformer reac-
tor is in the range of from about 0.1 to about 100 hours™.
The preferred LHSV of the substantially water-free hydro-

carbon feed can be 1n the range of from about 0.25 to about
25 hours™.

In accordance with the first step of the present invention,
the substantially water-free hydrocarbon feed i1s charged to
the reformer reactor operating under reforming conditions
for a first time period during which the activity of the
reformer catalyst decreases to an unacceptable activity. It 1s
an 1mportant aspect of the present mvention for the hydro-
carbon feed entering the reaction zone of the reformer
reactor during step one to be substantially water-free. It 1s
preferred for the concentration of water 1n the substantially
water-free hydrocarbon feed entering the reaction zone to be
less than about 50 ppmw (parts per million by weight of the
substantially water-free hydrocarbon feed), more preferably
the concentration 1s less than about 25 ppmw, even more
preferably it 1s less than about 5 ppmw, still more preferably
the concentration i1s less than about 1 ppmw, and most
preferably 1t 1s less than 0.1 ppmw.

The activity of the reformer catalyst can be measured by
the temperature at which the reformer reactor must operate
in order to yield a reformer product with a desired octane
number. As used herein, the term “activity temperature”
shall mean the reaction zone temperature representing the
activity of a reformer catalyst employed in a reformer
reactor yielding a product with a desired octane number.

During the first time period, the reformer catalyst expe-
riences an activity decrease from an acceptable activity,
which 1s indicated by an acceptable activity temperature, to
an unacceptable activity, which 1s indicated by an unaccept-
able activity temperature.

The acceptable activity temperature 1s a temperature that
1s greater than the minimum temperature required to reform
a reformable hydrocarbon and less than the maximum
operating temperature of the reformer system. The minimum
temperature required to reform a reformable hydrocarbon
typically exceeds about 750° F., more typically exceeds
about 800° F., and most typically exceeds 825° F. The
maximum operating temperature of a reformer system 1s
either (1) the maximum allowable reaction zone temperature
due to equipment limitations of the reforming system, or (2)
the maximum reaction zone temperature which results 1n an
uneconomical operation of the reforming system. Typically,
the maximum operating temperature of a reformer system 1s
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less than about 1,300° F., more typically less than about
1,200° F., and most typically less than 1,150° F. Thus,
typically an acceptable reaction zone temperature for a

reformer reactor is in the range of from about 750° F. to
about 1,300° F., more typically from about 800° F. to about
1,200° F., and most typically from 825° F. to 1,150° F.

The acceptable activity temperature 1s preferably the
lowest activity temperature which yields a reformer product
with a desired octane number under desired operating
parameters. Preferably, the acceptable activity temperature
is less than about 1,200° F., more preferably it is less than
about 1,100° F., even more preferably it is less than about
1,000° F., and most preferably the acceptable activity tem-
perature is less than 900° F.

The unacceptable activity temperature, which represents
unacceptable catalyst activity, 1s an activity temperature
which 1s greater than the acceptable activity temperature.
Generally, the unacceptable activity temperature 1s more
than about 2 percent higher than the acceptable activity
temperature, which can be mathematically represented or
calculated by multiplying the acceptable activity tempera-
ture by the numerical factor of 1.02. Less desirably, the
unacceptable activity temperature 1s more than about 5
percent higher than the acceptable activity temperature,
which can be mathematically represented or calculated by
multiplying the acceptable activity temperature by the
numerical factor of 1.05. Even less desirably, the unaccept-
able activity temperature 1s more than about 10 percent
higher than the acceptable activity temperature, which can
be mathematically represented or calculated by multiplying,

the acceptable activity temperature by the numerical factor
of 1.10.

The first time period necessary for the reformer catalyst to
experience an activity decrease from an acceptable activity
fo an unacceptable activity can vary greatly depending on
numerous reaction parameters, including, for example, com-
position of the reformer feed, composition of the catalyst,
reaction pressure, and diluent-to-hydrocarbon ratio. The
activity decrease experienced by the reformer catalyst dur-
ing the first time period can be quantified as an activity
decrease value which 1s calculated by subtracting the accept-
able activity temperature from the unacceptable activity
temperature.

In accordance with the second step of the present
invention, after the activity of the reformer catalyst
decreases to an unacceptable activity, it 1s essential to
introduce perchloroethylene (PCE) into the substantially
water-free hydrocarbon feed, without simultaneously intro-
ducing water, 1n an amount and for a second time period that
are effective to restore at least a portion, preferably a
substantial portion of the decrease in the activity of the
reformer catalyst. It has been discovered that, unexpectedly,
the activity of a reformer catalyst that has been deactivated
1s at least partially restored by injecting PCE 1nto a substan-
tially water-free hydrocarbon feed being charged to a
reformer reactor.

A further essential aspect of the present invention 1s for
the substantially water-free hydrocarbon feed-entering the
reaction zone during the second time period to be substan-
tially water-free. Preferably, the concentration of water in
the substantially water-free hydrocarbon feed entering the
reaction zone 1s held to a level less than about 50 ppmw
(parts per million by weight of the hydrocarbon feed), more
preferably less than about 25 ppmw, even more preferably
less than about 5 ppmw, still more preferably less than about
1 ppmw, and most preferably less than 0.1 ppmw.
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During the second time period, PCE 1s injected into the
substantially water-free hydrocarbon feed at a point located
immediately upstream from the inlet of the reformer reactor.
As used herein, the phrase “immediately upstream from the
inlet of the reformer reactor” means a location wherein there
1s no substantial change 1n the composition of the substan-
tially water-free hydrocarbon feed and the PCE additive
between the additive injection point and the inlet of the
reformer reactor.

PCE may be injected in pure form or with a carrier.
Preferably, PCE 1s injected with a carrier. The carrier may be
any compound capable of dissolving PCE which does not
have an adverse material impact on the reforming reaction.
The carrier, however, may not be water. Preferably, the
carrier 1s a hydrocarbon. Most preferably, the carrier 1s a
hydrocarbon of substantially the same composition as the
reformable hydrocarbons of the substantially water-free
hydrocarbon feed.

PCE may be injected into the substantially water-free
hydrocarbon feed by any method known in the art. It is
preferred for the PCE injection method to result in exposing
substantially all the reformer catalyst contained within the
reaction zone of the reformer reactor to a substantially
uniform amount of PCE. A preferred injection system com-
prises a PCE storage source connected 1n fluid flow com-
munication with a PCE moving means connected 1n fluid
flow communication with a PCE flow control means con-
nected 1 fluid flow communication with a PCE 1njection
means. The PCE storage source may be any conventional
means of storing a quantity of a compound such as PCE, for
example, a storage tank. The PCE moving means may be
any conventional means of moving a quantity of a com-
pound such as PCE through a conduit, for example, a pump.
The PCE flow control means may be any conventional
means for controlling the flow of a compound such as PCE
to and/or among reforming reactors, for example, a valve or
valves. The PCE 1njection means may be any conventional
means for mjecting a compound such as PCE into a conduit
carrying a hydrocarbon feed, for example, a nozzle or quill.

The rate of PCE injection into the substantially water-free
hydrocarbon feed may be any rate suitable for achieving at
least a partial reactivation of the reformer catalyst that has
reached an unacceptable activity. Preferably, the injection
rate 1S a rate sufficient to provide a concentration of PCE 1n
the substantially water-free hydrocarbon feed of from more
than about 0.5 ppmw (parts per million by weight of the
hydrocarbon feed) to less than about 50 ppmw of PCE in the
substantially water-free hydrocarbon feed. More preferably,
the 1njection rate provides a concentration of PCE of from
more than about 2 ppmw to less than about 45 ppmw of PCE
in the substantially water-free hydrocarbon feed. Still more
preferably, the injection rate provides a concentration of
PCE of from more than about 5 ppmw to less than about 40
ppmw of PCE 1n the substantially water-free hydrocarbon
feed. Most preferably, the 1njection rate 1s such as to provide
a PCE concentration 1n the substantially water-free hydro-
carbon feed exceeding 7.5 ppmw but less than 35 ppmw.

The period of PCE 1injection 1nto the substantially water-
free hydrocarbon feed (i.e., the second time period) may be
any suitable period that i1s effective to restore at least a
portion, preferably a substantial portion of the decrease 1n
the activity of the deactivated reformer catalyst. During the
second time period, the reformer catalyst experiences an
activity restoration from an unacceptable activity, which 1s
indicated by an unacceptable activity temperature, to a
restored activity, which 1s indicated by a restored activity
temperature.
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The restored activity temperature 1s a temperature which
1s lower than the unacceptable activity temperature and
higher than the minimum temperature necessary to reform a
reformable hydrocarbon. Preferably, the restored activity

temperature 1s a temperature lower than about 98 percent of
the unacceptable activity temperature, which can be math-
ematically represented or calculated by multiplying the
unacceptable activity temperature by the numerical factor of
0.98. More preferably, the restored activity temperature 1s
lower than about 95 percent of the unacceptable activity
temperature, which can be mathematically represented or
calculated by multiplying the unacceptable activity tempera-
ture by the numerical factor of 0.95. Most preferably, the
restored activity temperature 1s lower than about 90 percent
of the unacceptable activity temperature, which can be
mathematically represented or calculated by multiplying the

unacceptable activity temperature by the numerical factor of
0.90.

An important advantage of the present invention 1s that it
restores a larger portion of the decrease 1n activity of a
reformer catalyst than when conventional methods are used.
Though not wishing to be bound by theory, 1t 1s believed that
the present 1nvention 1s able to restore a larger portion of the
activity decrease of a reformer catalyst than with conven-
tional methods because in the present invention (1) the
reformer feed is substantially water-free, (2) no water is
added to the reformer reaction zone during chloriding, and
(3) PCE is a superior chloriding agent under the conditions
of the mventive process.

The activity decrease experienced by the reformer catalyst
during the first time period can be quantified as an “activity
decrease value” which 1s calculated by subtracting the
acceptable activity temperature from the unacceptable activ-
ity temperature, while the activity restoration experienced
by the reformer catalyst during the second time period can
be quantified as an “activity restoration value” which 1s
calculated by subtracting the restored activity temperature
from the unacceptable activity temperature. It 1s preferred in
practicing the present invention for the activity restoration
value to be more than about 80% of the activity decrease
value, which can be mathematically represented or calcu-
lated by multiplying the activity decrease value by 0.80. It
1s more preferred for the activity restoration value to be more
than about 95% of the activity decrease value, which can be
mathematically represented or calculated by multiplying the
activity decrease value by 0.95. It 1s still more preferred for
the activity restoration value to be more than about 98% ot
the activity decrease value, which can be mathematically
represented or calculated by multiplying the activity
decrease value by 0.98. It 1s most preferred 1n practicing the
present invention that the activity restoration value be more
than 100% of the activity decrease value, which can be
mathematically represented or calculated by multiplying the
activity decrease value by 1.00.

The second time period necessary to restore a portion,
preferably a substantial portion of the decrease 1n activity of
the reformer catalyst can vary greatly depending on, for
example, water-to-PCE ratio, rate of PCE 1njection, com-
position of the hydrocarbon feed, and composition of the

reformer catalyst.

The following examples are presented to further illustrate
the present invention and are not to be considered as limiting
the scope of the mvention.

EXAMPLE

In this example, lab-scale tests are described to illustrate
the process of this invention.
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A stainless-steel reactor (having an inner diameter of
about 0.75 inches and a height of about 28 inches) was filled
with a top layer (13.75 inches high) of Alundum® (inert
alumina particles having a surface area of 1 m*/g or less), a
middle layer (10 inches high) of R-56 reforming catalyst
(marketed by UOP, Des Plaines, Ill.; containing about 0.25
wt. % platinum, about 0.4 wt. % rhenium, and about 1.0 wt.
% chlorine), and a bottom layer (7.75 inches high) of
Alundum®.

The reactor bed was brought to a temperature of 940° F.
and 200 psig. The catalyst was activated by introducing
hydrogen and perchloroethylene (PCE) into the reactor for
an activation period of 1 hour. During the activation period,
PCE was 1ntroduced at a rate of 32 microliters/hour, while
hydrogen was introduced a rate of 2 standard cubic feet/
hour. After the activation period, the introduction of PCE
was stopped, the reactor temperature was reduced to 840° F.,
and the reactor was purged with hydrogen for 30 minutes.

After purging, the reactor temperature was maintained at
840° F. and the reaction pressure was increased to 300 psig.
A hydrocarbon feed and hydrogen were then charged to the
reactor. The hydrocarbon feed was mtroduced at a LHSV of
2 hr™', and the hydrogen to hydrocarbon molar ratio was 5.3.
The hydrocarbon feed comprised about 18.3 wt. % normal
paratfins, about 35.7 wt. % 1so-paraffins, about 5.2 wt. %
olefins, about 32.8 wt. % naphthenes, and about 7.8 wt. %
aromatics. The hydrocarbon feed had an initial boiling point

of 177.9° F., a final boiling point of 258.3° F., a RON of
58.7, and a water content of less than 1 ppmw.

The reactor was run at the above-described reforming
conditions for 12 days. During the first 5 days, no PCE was
introduced. During the last 7 days, PCE was added to the
hydrocarbon feed at a rate of 2 ppmw, using a repeating
“pulsed” 1njection cycle wherein PCE was added for a
period of 1 hour then terminated for a period of 5 hours.

During the 12 day run, the reactor was shut down twice due
to equipment problems. The first shut-down, which was

necessitated by separator problems, began on day 3 at about
7:00 and ended on day 3 at about 15:15. The second

shut-down, which was necessitated by flow meter problems,

began on day 5 at about 10:40 and ended on day 6 at about
10:21.

The liquid product exiting the reactor was periodically
sampled and analyzed. Table I, below, shows the timing of
the samples, as well as the C5+ volume yield and RON of
cach sample.

TABLE 1
C5+ Yield
Day Sample Time (Vol. % of Feed) RON
1 10:17 74.75 80.89
2 6:59 88.55 81.66
3 6:50 88.62 81.55
4 7:34 78.62 80.7
5 7:17 79.85 81.8
6 — — —
7 7:18 80.20 81.09
8 10:00 84.54 83.94
9 _ _ _
10 — — —
11 6:57 86.67 85.42
12 7:35 85.83 85.3

FIGS. 1 and 2 plot C5+ yield and RON from Table 1 as
a function of time. FIG. 1 shows that when PCE 1s added to
the dry hydrocarbon feed the C5+ yield increases. FIG. 2
shows that when PCE 1s added to the dry hydrocarbon feed
catalyst activity increases, resulting in increased product

RON.
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While this invention has been described 1n detail for the
purpose of illustration, 1t should not be construed as limited
thereby but intended to cover all changes and modifications
within the spirit and scope thereof.

That which 1s claimed 1s:

1. A reforming process comprising the steps of:

charging for a first time period a substantially water-free
and substantially perchloroethylene-free hydrocarbon
feed comprising a reformable hydrocarbon to a
reformer reactor which defines a reaction zone contain-
ing a reformer catalyst having an activity, wherein said
reformer reactor 1s operated under reforming
conditions, and wherein said first time period 1s such
that said activity of said reformer catalyst decreases
from an acceptable activity that i1s indicated by an
acceptable activity temperature to an unacceptable
activity that 1s indicated by an unacceptable activity
temperature; wherein said acceptable activity tempera-
ture 1s the lowest activity temperature which yields a
reformer product with a desired octane number under
desired operating parameters; and wherein said unac-
ceptable activity temperature 1s the lowest activity
temperature which yields a reformer product with a
desired octane number but at an activity temperature
higher than the desired operating parameters; and

after said first time period, introducing perchloroethylene,
without simultaneously mtroducing water, mto said
substantially water-free hydrocarbon feed 1n an amount
and for a second time period that are effective to restore
at least a portion of the decrease 1n said activity of said
reformer catalyst, thereby increasing said activity of
said reformer catalyst from said unacceptable activity
to a restored activity.

2. A reforming process according to claim 1 wherein said
acceptable activity temperature is less than about 1100° F.
and wherein said unacceptable activity temperature 1s more
than about 2% higher than said acceptable activity tempera-
ture.

3. A reforming process according to claim 2 wherein the
amount of perchloroethylene 1njected into said substantially
water-free hydrocarbon feed 1s such as to provide a concen-
tration of perchloroethylene 1n said substantially water-free
hydrocarbon feed of from about 0.5 ppmw to about 50
ppmw.

4. A reforming process according to claim 3 wherein said
substantially water-free hydrocarbon feed contains less than
about 5 ppmw of water.

5. A reforming process according to claim 2 wherein the
amount of perchloroethylene 1njected into said substantially
water-free hydrocarbon feed 1s such as to provide a concen-
tration of perchloroethylene 1 said substantially water-free
hydrocarbon feed of from about 5 ppmw to about 40 ppmw.

6. A reforming process according to claim 5 wherein said
substantially water-free hydrocarbon feed contains less than
about 1 ppmw of water.

7. A reforming process according to claim 6 wherein said
reformer catalyst comprises platinum and alumina.

8. A reforming process according to claim 2 wherein the
amount of perchloroethylene 1njected 1nto said substantially
water-free hydrocarbon feed 1s such as to provide a concen-
tration of perchloroethylene 1 said substantially water-free
hydrocarbon feed of from 7.5 ppmw to 35 ppmw.

9. A reforming process according to claim 8 wherein said
substantially water-free hydrocarbon feed contains less than
0.1 ppmw of water.

10. Areforming process according to claim 9 wherein said
reformer catalyst comprises platinum, alumina, rhenium,
and chlorine.
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11. A reforming process according to claim 1 wherem said
acceptable activity temperature is less than about 1000° F.
and wherein said unacceptable activity temperature 1s more
than about 2% higher than said acceptable activity tempera-
ture.

12. Areforming process according to claim 11 wherein the
amount of perchloroethylene mjected into said substantially
water-free hydrocarbon feed 1s such as to provide a concen-
tration of perchloroethylene 1n said substantially water-free
hydrocarbon feed of from about 0.5 ppmw to about 50
ppmw.

13. A reforming process according to claim 12 wherein
said substantially water-free hydrocarbon feed contains less
than about 5 ppmw of water.

14. Areforming process according to claim 11 wherein the
amount of perchloroethylene mjected mto said substantially
water-free hydrocarbon feed 1s such as to provide a concen-
tration of perchloroethylene 1n said substantially water-free
hydrocarbon feed of from about 5 ppmw to about 40 ppmw.

15. A reforming process according to claim 14 wherein
said substantially water-free hydrocarbon feed contains less
than about 1 ppmw of water.

16. A reforming process according to claim 15 wherein
said reformer catalyst comprises platinum and alumina.

17. Areforming process according to claim 11 wherein the
amount of perchloroethylene mjected mto said substantially
water-free hydrocarbon feed 1s such as to provide a concen-
tration of perchloroethylene 1n said substantially water-free
hydrocarbon feed of from 7.5 ppmw to 35 ppmw.

18. A reforming process according to claim 17 wherein
said substantially water-free hydrocarbon feed contains less
than 0.1 ppmw of water.

19. A reforming process according to claim 18 wherein
sald reformer catalyst comprises platinum, alumina,
rhenium, and chlorine.

20. Areforming process according to claim 1 wherein said
acceptable activity temperature is less than about 900° F. and
wherelin said unacceptable activity temperature 1s more than
about 2% higher than said acceptable activity temperature.

21. A reforming process according to claim 20 wherein
the amount of perchloroethylene 1njected into said substan-
tially water-free hydrocarbon feed 1s such as to provide a
concentration of perchloroethylene i1n said substantially
water-free hydrocarbon feed of from about 0.5 ppmw to
about 50 ppmw.

22. A reforming process according to claim 21 wherein
said substantially water-free hydrocarbon feed contains less
than about 5 ppmw of water.

23. A reforming process according to claim 20 wherein
the amount of perchloroethylene injected into said substan-
tially water-free hydrocarbon feed 1s such as to provide a
concentration of perchloroethylene 1n said substantially
water-free hydrocarbon feed of from about 5 ppmw to about
40 ppmw.

24. A reforming process according to claim 23 wherein
said substantially water-free hydrocarbon feed contains less
than about 1 ppmw of water.

25. A reforming process according to claim 24 wherein
said reformer catalyst comprises platinum and alumina.

26. A reforming process according to claim 20 wherein
the amount of perchloroethylene injected into said substan-
tially water-free hydrocarbon feed 1s such as to provide a
concentration of perchloroethylene 1n said substantially
water-free hydrocarbon feed of from 7.5 ppmw to 35 ppmw.

27. A reforming process according to claim 26 wherein
said substantially water-free hydrocarbon feed contains less
than 0.1 ppmw of water.
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28. A reforming process according to claim 27 wherein
said reformer catalyst comprises platinum, alumina,
rhenium, and chlorine.

29. A reforming process comprising the steps of:

charging for a first time period a substantially water-free
and substantially perchlordethylene-free hydrocarbon
feed comprising a reformable hydrocarbon to a

reformer reactor which defines a reaction zone contain-
ing a reformer catalyst having an activity, wherein said
reformer reactor 1s operated under reforming
conditions, wherein said first time period 1s such that
said activity of said reformer catalyst decreases from an
acceptable activity that 1s indicated by an acceptable
activity temperature of less than 900° F. to an unac-
ceptable activity that 1s indicated by an unacceptable
activity temperature of more than about 5% higher than
said acceptable activity temperature; wherein said
acceptable activity temperature i1s the lowest activity
temperature which yields a reformer product with a
desired octane number under desired operating param-
cters; and wherein said unacceptable activity tempera-
ture 1s the lowest activity temperature which yields a
reformer product with a desired octane number but at
an activity temperature higher than the desired operat-
ing parameters; and

alter said first time period, introducing an amount of
perchloroethylene 1nto said substantially water-free
hydrocarbon feed so as to provide a concentration
therein of from more than about 5 ppmw to less than
about 40 ppmw of perchloroethylene, without simulta-
neously introducing water, for a second time period that
1s effective to restore at least a portion of the decrease
in the activity of said reformer catalyst, thereby increas-
ing said activity of said reformer catalyst from said
unacceptable activity to a restored activity.

30. A reforming process according to claim 29 wherein
said substantially water-free hydrocarbon feed contains less
than about 1 ppmw of water.

31. A reforming process according to claim 30 wherein
said reformer catalyst comprises platinum and alumina.

32. A reforming process according to claim 29 wherein
the amount of perchloroethylene injected into said substan-
tially water-free hydrocarbon feed 1s such as to provide a
concentration of perchloroethylene i1n said substantially
water-free hydrocarbon feed of from 7.5 ppmw to 35 ppmw.

33. A reforming process according to claim 32 wherein
said substantially water-free hydrocarbon feed contains less
than 0.1 ppmw of water.

34. A reforming process according to claim 33 wherein
said reformer catalyst comprises platinum, alumina,
rhenium, and chlorine.

35. A method of reactivating a reformer catalyst, con-
tained 1n a reaction zone, wherein said reformer catalyst has
been deactivated to an unacceptable activity from use in
reforming a substantially water-free and substantially
perchloroethlene-free hydrocarbon feed, said method com-
prising:

contacting, under reforming conditions said reformer

catalyst with a substantially water-free hydrocarbon
feed comprising a reformable hydrocarbon having a
concentration of perchloroethylene for a time period
that 1s effective to restore at least a portion of the
activity of said deactivated reformer catalyst, thereby
increasing the activity of said reformer catalyst from
said unacceptable activity that i1s indicated by an unac-
ceptable activity temperature to a restored activity that
1s 1ndicated by a restored activity temperature; wherein
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said acceptable activity temperature 1s the lowest activ-
ity temperature which yields a reformer product with a
desired octane number under desired operating param-
cters; and wherein said unacceptable activity tempera-
ture 1s the lowest activity temperature which yields a
reformer product with a desired octane number but at
an activity temperature higher than the desired operat-
Ing parameters.

36. A reforming process according to claim 35 wherein
the amount of perchloroethylene 1njected 1nto said substan-
tially water-free hydrocarbon feed 1s such as to provide a
concentration of perchloroethylene 1n said substantially
water-free hydrocarbon feed of from about 0.5 ppmw to
about 50 ppmw.

37. A reforming process according to claim 36 wherein
said substantially water-free hydrocarbon feed contains less
than about 5 ppmw of water.

38. A reforming process according to claim 35 wherein
the amount of perchloroethylene injected into said substan-
tially water-free hydrocarbon feed 1s such as to provide a
concentration of perchloroethylene i1n said substantially
water-free hydrocarbon feed of from about 5 ppmw to about
40 ppmw.

39. A reforming process according to claim 38 wherein
said substantially water-free hydrocarbon feed contains less
than about 1 ppmw of water.

40. A reforming process according to claim 39 wherein
said reformer catalyst comprises platinum and alumina.

41. A reforming process according to claim 35 wherein
the amount of perchloroethylene injected into said substan-
tially water-free hydrocarbon feed 1s such as to provide a
concentration of perchloroethylene 1n said substantially
water-free hydrocarbon feed of from 7.5 ppmw to 35 ppmw.

42. A reforming process according to claim 41 wherein
said substantially water-free hydrocarbon feed contains less
than 0.1 ppmw of water.

43. A reforming process according to claim 42 wherein
sald reformer catalyst comprises platinum, alumina,
rhenium, and chlorine.

44. A reforming process comprising the steps of:

charging for a first time period a substantially water-free
and substantially perchloroethylene-free hydrocarbon
feed comprising a reformable hydrocarbon to a
reformer reactor which defines a reaction zone contain-
ing a reformer catalyst having an activity, wherein said
reformer reactor 1s operated under reforming
condifions, and wherein during said first time period
said reformer catalyst experiences an activity decrease
from an acceptable activity that 1s indicated by an
acceptable activity temperature to an unacceptable
activity that 1s indicated by an unacceptable activity
temperature, and wherein said activity decrease 1s
quantified as an activity decrease value that i1s calcu-
lated by subtracting said acceptable activity tempera-
ture from said unacceptable activity temperature;
wherein said acceptable activity temperature 1s the
lowest activity temperature which yields a reformer
product with a desired octane number under desired
operating parameters; and wherein said unacceptable
activity temperature 1s the lowest activity temperature
which yields a reformer product with a desired octane
number but at an activity temperature higher than the
desired operating parameters; and

after said first time period, mntroducing perchloroethylene,
without simultaneously introducing water, nto said
substantially water-free hydrocarbon feed 1n an amount
and for a second time period that are effective for said
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reformer catalyst to experience an activity restoration
from said unacceptable activity to a restored activity
that 1s 1ndicated by a restored activity temperature,
wherein said activity restoration 1s quantified as an
activity restoration value that 1s calculated by subtract-
ing said restored activity temperature from said unac-
ceptable activity temperature, and wherein said activity
restoration value 1s more than about 80% of said
activity decrease value.

45. A reforming process according to claim 44 wherein
said acceptable activity temperature is less than about 1100°
F. and wherein said unacceptable activity temperature 1s
more than about 2% higher than said acceptable activity
temperature.

46. A reforming process according to claim 45 wherein
the amount of perchloroethylene mjected 1nto said substan-
fially water-free hydrocarbon feed 1s such as to provide a
concentration of perchloroethylene 1 said substantially
water-free hydrocarbon feed of from about 0.5 ppmw to
about 50 ppmw.

47. A reforming process according to claim 46 wherein
said substantially water-free hydrocarbon feed contains less
than about 5 ppmw of water.

48. A reforming process according to claim 45 wherein
said activity restoration value 1s more than about 95% of said
activity decrease value.

49. A reforming process according to claim 48 wherein
the amount of perchloroethylene mjected 1nto said substan-
tially water-free hydrocarbon feed 1s such as to provide a
concentration of perchloroethylene 1 said substantially
water-free hydrocarbon feed of from about 5 ppmw to about
40 ppmw.

50. A reforming process according to claim 49 wherein
said substantially water-free hydrocarbon feed contains less
than about 1 ppmw of water.

51. A reforming process according to claim 50 wherein
said reformer catalyst comprises platinum and alumina.

52. A reforming process according to claim 45 wherein
said activity restoration value 1s more than about 98% of said
activity decrease value.

53. A reforming process according to claim 52 wherein
the amount of perchloroethylene mjected 1nto said substan-
tially water-free hydrocarbon feed 1s such as to provide a
concentration of perchloroethylene 1n said substantially
water-free hydrocarbon feed of from 7.5 ppmw to 35 ppmw.

54. A reforming process according to claim 53 wherein
said substantially water-free hydrocarbon feed contains less
than 0.1 ppmw of water.

55. A reforming process according to claim 54 wherein
said reformer catalyst comprises platinum, alumina,
rhenium, and chlorine.

56. A reforming process comprising the steps of:

(a) charging a substantially water-free and substantially
perchloroethylene-free hydrocarbon feed to a reformer
reactor which defines a reaction zone containing a
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reformer catalyst, wherein said reformer reactor is
operated under reforming conditions sufficient to pro-
duce a reformer product having a higher octane number
than said substantially water-free and substantially
perchloroethylene-free hydrocarbon feed; and

(b) simultaneously with step (a), contacting said reformer

catalyst with an organic chloride without adding water

to said substantially water-free hydrocarbon feed, for a

chloriding period that 1s effective to enhance the per-
formance of said reformer catalyst.

57. A process according to claim 56 wherein the amount

of said organic chloride contacted with said reformer cata-

lyst 1s from about 0.5 ppmw to about 50 ppmw by weight of

said substantially water-free hydrocarbon feed.
58. A process according to claim 57 wheremn said sub-

stantially water-free hydrocarbon feed contains less than

about 5 ppmw of water.

59. A process according to claim 38 wherein said reformer
catalyst comprises platinum.

60. A process according to claim 59 wherein said organic
chloride 1s perchloroethylene.

61. A process according to claim 60 wherein said chlo-
riding period 1s suflicient to increase the activity of said
reformer catalyst to a restored activity.

62. A process according to claim 60 wherein said chlo-
riding period 1s sufficient to increase the octane number of
said reformer product to an acceptable value.

63. A process according to claim 60 wherein said chlo-
riding period 1s sufficient to increase the amount of C5+
hydrocarbons 1n said reformer product to an acceptable
level.

64. A process according to claim 60 wherein said sub-
stantially water-free hydrocarbon feed contains less than
about 1 ppmw of water.

65. A process according to claim 64 wherein said reformer
catalyst comprises platinum and rhenium.

66. A process according to claim 65 wherein said sub-
stantially water-free hydrocarbon feed contains less than
about 0.1 ppmw of water.

67. A process according to claim 66 wherein said reformer
catalyst comprises platinum, rhenium, chlorine, and an
alumina support.

68. A process according to claim 67 wherein said chlo-
riding period 1s sufficient to increase the activity of said
reformer catalyst to a restored activity.

69. A process according to claim 67 wherein said chlo-
riding period 1s sufficient to increase the octane number of
said reformer product to an acceptable value.

70. A process according to claim 67 wherein said chlo-
riding period 1s sufficient to increase the amount of C5+
hydrocarbons 1n said reformer product to an acceptable
level.
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